This study was carried out to determine the effect of the discharge of partially treated refinery effluent on the Okrika River. Standard methods were used to determine the physiochemical parameters of refinery effluent. The laboratory analysis results showed that pH was 5.6-6.06; temperature was 25.6-26.7o-, BOD was 3.36-3.76; COD was 5.16-5.58 and TDS was 44.7-461 mg/L; The sample results which exceeded DPR standard including odor (objectionable); Turbidity (17-24TU); DO (1.27-3.17 mg/L), Conductivity (68.4-680) and THC (444.2-927.4), as against DPR standard permissible limit of odor (unobjectionable); Turbidity (15TU); DO (4.0-5.0 mg/L) conductivity (N/A) and THC (10); signifying that the River is polluted. This must have lead to observable scanty presence of aquatic life in the River; enhance, rendered the river water not conducive for domestic use. The researchers' recommended strict adherent to DPR standard permissible limit for effluent discharge couple with routine enforcement inspection to ensure compliance.
Introduction
Water quality is major problem in the 21 st century. Therefore, effective treatment of various effluents before discharging into receiving water body is the only requirement that meets acceptable standard [1] . Industrialization is considered the corner stone of development strategies due to its significant contribution to economic growth and human welfare. It has become a yard stick for placing countries in the League of Nations and index of its political stature [2, 3] . Industrialization, like other human activities that impact on the environment, often results in pollution and degradation [4] . Such environmental degradation carries inevitable costs implications [5, 6] . World-wide water bodies are the primary means for disposal of waste, especially the effluents, from industries that are near them. These refinery effluents have a great deal of influence on the receiving/surrounding water body; as it alters the physical, chemical and biological nature of the water body [7] .
Industries turn out waste which are peculiar in terms of type, frequency and volume depending on the type of industry and population that uses the product [8] . Industrial waste is the most common source of water pollution which stimulates bloom of algae, heavy metals, inorganic and organic toxic substances [9] [10] [11] . The water bodies suffer significant deterioration of natural quality as industrial discharges are released into it. The assimilatory capacity of the river helps to regulate the level of pollution which results from such untreated discharges [12] . The extent of discharge of domestic and industrial waste is such that rivers receiving untreated effluent cannot give dilution necessary for their survival as good quality water sources.
Industries are the major sources of pollution to the environment as various pollutants are released into the surrounding environment directly or indirectly, making the water unsuitable for drinking, domestic use, recreational and agricultural purposes [5] . Water pollution especially by oil is a very serious problem in the entire world because it causes direct lethal toxicity, disruption of physiological activities and changes in biological habitat [13] . It threatens the health and wellbeing of humans, plants and animals. As the world become more industrial and smaller due to globalization through communications and trade, accidental and purposive hazardous dumping has contributed largely to the problem of water pollution. Water pollution therefore is detrimental to the public health of living organisms, humans and animals [14, 15] .
The various pollutants released into the Okrika River affect the littoral zone, the shallow waters along the shore where rooted vegetation and algae grow [15] .
Area of study
The sampling stations were established at the Okrika River, at Okrika Local Government Area, in Rivers State. The main source of the river is the Bonny River. People who live in communities around the river are mostly fisher men and farmers ( Figure 1 ).
The Water from the river is also used for irrigation by farmers who farm along the bank of the river. The river serves as a means of livelihood for people who fish and those who depend on the river for growing their crops especially in dry seasons. The Okrika River is confined in salt water swamp zone and Port Harcourt refinery discharges their effluent into the river.
Methodology

Materials for water sampling
The materials for water sampling include i.
1L plastic sample containers (7 of them)
ii. 
Water sample collection
Seven stations were established for the sampling activities. The first station where the first sample was collected is a channel for domestic water discharge. Based on the field conditions as observed, the refinery effluent was discharged at the beginning of the river through a canal. This made it impracticable to sample for control upstream. Hence, having carefully considered the objectives of the study, the control sample was collected at station 1 before the water mixed up with the canal discharging the refinery effluents. Station 2 was the point of direct discharge from the refinery. At this location, the sample labelled effluent was collected. From the beginning of the river, five others stations were sampled along the length of the river at 50m apart. These were respectively labelled point 1 through point 5. In situ analyses were performed using Extech water meters and the collected samples preserved in an ice chest for further analysis in the laboratory. BOD samples were collected in standard BOD bottles.
Distances along the river were measured with an odometer. The stations were also geo-located with GPS. All field observations were recorded in the field book.
Laboratory analysis
The physiochemical/ Electrochemical parameters that were analyzed include, Biochemical oxygen Demand (BOD), Chemical Oxygen Demand (COD), conductivity, Dissolved Oxygen (DO), Hydrogen ion concentration (pH), Salinity, Temperature, Turbidity, Total dissolved solids, Total suspended solids, and Total Hydrocarbon content. These parameters were determined using USEPA standard method. 
Results
Discussion
The Table 3 .1 showed the physiochemical characteristics of the measured samples of Okrika river. The results of these parameters were discussed as follows: Figure 2 indicated low pH values in all the seven measured stations with values of 5.97, 6.87, 6.38, 6.06, 5.78, 5.6 and 5.68, at the control stations, effluent station and stations one to five respectively. The standard DPR limit for pH is 6.5-8.5. The low pH at station 1 to 5 was as a result of discharges along the river stretch. This is below standard DPR and WHO recommended limit for pH ranged between 6.5-8.5. The resultant effect of low pH below DPR limit is that there may be an adverse effect on the biological and biochemical reactions thereby causing health disorder in aquatic lives in the river. Figure 3 indicated that the temperature values at control station, effluent station and stations one to five were below DPR limits. The temperature range at the various measured stations had direct adverse effect on the biological activity and growth of aquatic organisms, e.g. fish, insects, zooplankton, phytoplankton etc. This had no threat to the homeostatic balance of the river [14, 16] . Figure 4 indicated the salinity values in all the seven measured stations with values of 0.03, 0.22, 0.21, 0.25, 0.24, 0.33 and 0.27, at the control stations, effluent station and stations one to five respectively. Since the DPR specification for acceptable salinity was not available, actual inferences of whether the salinity was too high or low cannot be drawn. For the purpose of documentation, some of the effects of high water salinity include reduced crop yield and excess salinity may cause osmotic imbalance in the environment leading to plasmolysis. Figure 4 indicated the colour values at various stations with values ranging from 40, 246, 199, 197, 244 and 190 . The DPR recommended limit for colour was not available and therefore inferences cannot be drawn and the real life implication of these cannot be ascertained. Figure 5 indicated that the conductivity measured was high with values of 68.4, 445,436,507,500,680 and 543 and not good for living organisms. The DPR specification for acceptable conductivity is not available, though high conductivity is known be harmful to living organisms because of the alteration in osmotic pressure. Figure 6 indicated a high value of turbidity in six of all the seven measured stations with values of 24, 17, 18, 22, 23 and 22, which exceeds the permissible limit for DPR and WHO standard of 15NTU and 5NTU (WHO, 2004) respectively. The high turbidity in the river was caused by colloidal suspension from untreated/ partially treated industrial effluent. The effect of high turbidity was that it makes the water from the river less consumable, and polluted because of high microbial contamination and more costly to treat. 1.69, 1.34, 1.5, 1.55, 1.63 and 1 .27 for the seven measured stations. All fall below the recommended limit given by DPR limit of 4.0-5 mg/l. It may be as a result of presence of oxygen demanding materials and fertilizer run-offs from the nearby farmland. The presences of low DO suggest pollution which may cause death of aquatic lives. Figure 9 indicated that the BOD values of 3.76, 4.5, 3.36, 3.83, 3.48, 3.52 and 3.7 at control station, effluent station and stations one to five are below the DPR limit of 10 mg/l. A low BOD was an indication of the presence of low number of microorganisms' mainly aerobic bacteria. Figure 10 indicated that the COD values in the seven measured stations was also below the DPR upper limit of 40 mg/l. COD is not a desirable parameter since high level of it in water leads to a low DO which results in death to aquatic lives. Figure 11 indicated Total Dissolved Solids (TDS) values in all the seven measured stations with values of 44. 7, 301, 294, 342, 338, 461 and 369, at the control station, effluent station and stations one to five respectively. The standard DPR limit for TDS is (<2000). The high TDS have laxative effect upon people, whose bodies are not adjusted to them, causes foaming and colour in boilers. 
Odour
The measured odour values presented in Table 1 indicated that the samples had odour (objectionable) which was not acceptable. This was caused by the presence of strong smelling compounds both organic (algal by-products, decomposing organic matter) and inorganic (ammonia, sulphide). Effects of odour on human and aquatic lives were difficulty in breathing, nose irritation, high level of annoyance and depression.
The combined plot in Figure 13 showed the existing relationships between all the parameters (pH Temperature, Salinity, Colour, Conductivity, Turbidity, Odour, TSS, DO, BOD, COD, TDS and THC) measured at different stations. From the plot, the highest bar represented the DPR specification for the TDS and other TDS bars had heights that were almost insignificant compared to this standard specification bar. This showed strict compliance of the refinery plant to the DPR regulation. Another visible indication rom the plot is the THC represented by the blue bars. The DPR THC limit was almost insignificant compared to the different stations. This showed that the specified THC was not being adhered to and measures to ensure strict adherence must be put in place. The next observable sets of bars were those representing the Salinity, Colour and Conductivity. For each of these bars, the DPR standard limit bar cannot be noticed since the standard specification for such parameters were not provided. The temperature bars are almost of equal height and only a closer look revealed that the DPR bar was slightly higher than the rest, an indication that the measured temperatures was very close to the specified standard and therefore further regulation of the temperature may not be necessary.
Conclusion
This study determined the extent to which partially treated refinery effluent polluted the Okrika River. The results indicated that the value of THC (444.2656.0) and turbidity (17-23) were high. Dissolved Oxygen (DO) had value less than DPR and WHO limit of 5 and 10 respectively. Low DO value was an indication of insufficient oxygen in the river which resulted in suffocation of fishes in the river. The study concluded that the discharge of partially treated effluent from the refinery into the river had significant polluting effects on the Okrika River. Therefore, the natural habitat of the river was threatened and the source of water for livelihood of hundreds of peasants along the river was affected. The study recommended that efficient treatment of effluent before discharge; regulatory agencies should impose polluter pay fine and compensation for host communities and adequate monitoring and surveillance to ensure the protection of the river from further degradation.
